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ABSTRACT
This paper presents the iterative design process based upon
multiple rounds of user studies that guided the the design
of a novel social music application, Pyxis Minor. The appli-
cation was designed based on the concept of democratising
electronic music creation and performance. This required
the development to be based upon user studies to inform
and drive the development process in order to create a novel
musical interface that can be enjoyed by users of any prior
musicianship training.
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1. INTRODUCTION
When designing a novel musical interface the hardest task
is creating a user experience that is intuitive to people of
varying skill level. To create an interface that is simple for
beginners to grasp may result in a lack of musical depth or
expressivity. Conversely, an interface that provides a high
level of musical depth and expressivity often will result in
a more complex interface that may alienate beginner musi-
cians. This issue can be mitigated by using a design process
based on feedback from users with a range of prior training
to discover the requirements of a whole spectrum of poten-
tial users.
This paper presents Pyxis Minor, a new social music ap-

plication for iOS devices and its iterative design process.
Integral to the iterative design were user studies that gath-
ered feedback to guide the application development.
Hundreds of musical instrument applications exist in Ap-

ple’s App Store, however the functionality of these applica-
tions incorporates features that target a specific user base.
For example, KORG’s WIST technology [5] allows for ap-
plications to synchronise metronomes between devices. It is
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only available for applications that require prior musical ex-
perience. Most of these applications use musical interaction
metaphors based on digital audio workstations (i.e. KORG
Gadget1), traditional keyboard synthesizers (i.e. Arturia
iSEM2) or traditional rhythm sequencers (i.e. Fingerlab’s
DM13). This indicates that the ability to synchronise be-
tween devices is only relevant to experienced musicians.
This has not been fully explored for beginner-friendly in-
terfaces. The tendency to provide more musically deep
or expressive features for interfaces furthers the conceptual
schism between beginner musicians and those with prior
training.
On the other hand, mobile based musical instruments

that target beginner musicians have demonstrated wide com-
mercial success, for example the Smule applications Ocarina
[9] and Magic Fiddle [11]. Fels and Blaine state “providing
novices with easily accessible music making experiences is
more important than having a complex interface with built-
in, upward capability for virtuosic expression”[2], but ideally
we can create a meaningful experience for more experienced
musicians by including upward capability that does not re-
quire a complex interface. Applications targeted towards
beginner musicians can provide a novel experience, but may
lack expressive musical depth.
By beginning with a simple and intuitive interface that

appeals to beginner musicians, we can add features to in-
crease the musical depth and expressivity to appeal to ex-
perienced musicians; this can open discussion about the
democratisation of electronic music processes. Tanaka ex-
plains this democratisation process in regards to NIME prac-
tices, “the explosion of consumer devices with built-in sen-
sors such as mobile phones and game controllers such as the
Nintendo Wii- remote have opened up and democratized
NIME practice outside the realm of academic research” [8]
but we argue that, by extension, through iterative design
methodology the democratisation can extend to wider mu-
sical practices (specifically that of electronic music process).

2. METHODOLOGY
Iterative design methodology is key for application devel-
opment and Neilson suggests that the biggest gains to the
usability of a interface will occur in the first few design it-
erations [7]. Our intention was to design an application for
a diverse user base, so understanding the requirements the
user base is integral to the success of the application. By
improving, iterating and testing the application with a rep-
resentation of the user base we can create an application
that succeeds at achieving the goal of the application: to
help the democratisation of electronic music processes, al-

1https://itunes.apple.com/app/id791077159
2https://itunes.apple.com/app/id673921187
3https://itunes.apple.com/app/id431573951
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lowing users an enjoyable experience of creating electronic
music, regardless of prior musical experience. Additionally,
the prioritisation of feature development can be proportion-
ally distributed as per issues raised from user feedback. This
iterative design process echoes the core artistic intention of
the project - democratisation of electronic music creation.

3. ITERATIVE DESIGN
The concept for the application is to have a visual grid
where users place nodes which represent musical notes. The
co-ordinates of the nodes represent pitch-velocity pairs from
the x and y axis, respectively. Users input a sequence of
nodes to make a musical loop, which is recorded in real-
time. The nodes of the sequence are quantised to a chosen
tempo. This allows a user to make music with a strong
metric pulse. Users can create up to four di↵erent sequences
(identified with symbols/colours) that run simultaneously.
A goal of the design is to show users musical concepts and

the application functionality, rather than to explicitly give
direct instruction. This was intended to allow users play-
ful exploration in order to understand functionality. This
philosophy is intended to help democratise electronic music
processes by revealing that the creation of electronic music
is, in fact, based upon exploration. We adhered to mini-
malist aesthetics to create a simple, intuitive interface. A
specific focus was placed upon simple interfacing that re-
veals concepts integral to understanding electronic music
processes to users.

3.1 First Iteration
The first iteration of the application was prototyped for Mac
OSX. It was built using openFrameworks [6] for the user
interface and ChucK [10] for logic and sound design. Users
interacted using a trackpad and keyboard. This iteration
functions as a proof of concept, developing the game-type
logic.
An iOS application was built in order to control a sepa-

rate cursor in the Mac OS X using the Open Sound Control
(OSC) protocol over a UDP network. The iOS application
used data from the accelerometer, filtered through a cus-
tom conformal mapping algorithm, to control the cursor’s
position on the Mac application.

3.1.1 Results

Navigating the grid using the accelerometer to control a
cursor pointer with the accuracy required for fine musical
control was more di�cult than anticipated. The novelty of
this control scheme does not outweigh the di�culty. Ad-
ditionally, having the interaction split between two devices
makes it di�cult for users to understand where to focus
their attention. It is more intuitive to have the user in-
teract on a computer. The conformal mapping technique
has been also tested as a controller scheme for audio e↵ect
parameters (i.e. manipulating a filter cuto↵ and resonance
simultaneously with the x and y values). This appears to
be a better use of the accelerometer data.

3.2 Second Iteration
The second iteration required only one device. The appli-
cation was rebuilt for iPad, iPod Touch and Mac OS X.
Usability tests were conducted to deduce which method of
interaction and which hardware interface was most suitable.
This iteration used the Cocos2D 4 game engine and libPD
[3] audio engine for creating a cross platform application.
Aside from the method of interaction, the three hardware
implementations were fundamentally identical. The iPad

4http://www.cocos2d-swift.org/

and iPod Touch both used screen touches for interaction,
whereas the OS X implementation used a mouse. A screen-
shot of the OS X version can be seen in figure 1.

Figure 1: OS X version of the second iteration.

3.2.1 Pilot Study

A pilot study was conducted with five users of di↵erent
musical backgrounds and levels of formal training in order
to gauge which hardware interface-interaction pair was the
most suitable. The most significant finding from this study
was that the interaction on the iPod was not su�cient. The
results show the most prominent problems for the iPod de-
vice were the “Ease of achieving the full range of available
interaction” and the “Simplicity of the Interaction”. User
quotes suggest this is due to the smaller screen of the iPod
touch. One user indicated that despite the iPod being more
di�cult to use, the compact nature of the hardware is an
element that the other contexts do not share and could be
leveraged in a di↵erent version. While the Mac and the
iPad remained stationary on the table, the iPod was often
picked up and mobilized. When asked about new features,
four out of five users responded they would like further op-
tions to control parameters of the sound produced. Sug-
gestions on how to do this focused predominantly on DSP
e↵ects and sound generator possibilities. Additional usabil-
ity issues were revealed which were corrected in the next
iteration of development.

3.3 Third Iteration
The third iteration of the application design has focused
on fixing bugs and generally improving the responsiveness,
speed and usability of the application. This required a com-
plete rewrite of the audio engine to both decrease the pro-
cessing power required and to allow users to change various
basic audio parameters. The audio engine was written us-
ing Apple’s Core Audio Framework[1] Additionally, more
options were added to avoid the aforementioned usability
issues. The visual aesthetic was also greatly improved.

3.3.1 User Study

This iteration was set up as a demonstration at the Sonic
Engineering Expo 2014 at Victoria University. A photo of
this can be seen in figure 2. Users were given a brief demon-
stration and shown the short tutorial before being asked to
spend approximately 10 minutes using the application on
all three devices before fulfilling a questionnaire.
Both the iPad and iPod versions performed better than

the previous iteration but users did not respond as well to
the changes made to the OS X user interface. The iPod
Touch, overall, only did marginally better than the Mac
computer. This could be due to the increased amount of
navigation menus to alter sound parameters and the added
functionality for manipulating the audio sequences. Al-
though equally intuitive, the navigation with a cursor was
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Figure 2: OS X iteration of the third iteration as
displayed at the Sonic Engineering Expo 2014.

substantially slower than with the touch devices. As such,
the improvements made to this iteration indicated that the
application design (divorced from the hardware contexts)
improved the user experience.
Users were asked their preferred platform. The iPad was

the winner, followed by the iPod Touch, possibly due to
the relative portability of the devices. Although the iPod
Touch was the smallest and most portable device, the iPad
appeared to be the best balance of portability and comfort-
ability. Users cited that interacting with some of the UI
elements was di�cult on the iPod Touch.

3.3.2 Analysis

The user study results and informal feedback revealed di-
rection for the next iteration of development:

• Users requested more audio manipulation options (such
as e↵ects).

• The additional controls for the sequences were di�cult
to access due to the small size of the buttons.

• Multi-touch was requested for the iOS devices to af-
ford more complex harmonies.

• A more comprehensive tutorial was requested.
The results from the platform usage indicate that despite

improvement for the application on iPod Touch, there is
still room to leverage the handheld nature of the device.
Interestingly, the ability to change the musical scale or key
had not yet been requested by any user. This suggests that
the issues and requested features up until the next iteration
are more important than something arguably integral to
musical expressivity.

3.4 Pyxis Minor
The application was named Pyxis Minor and published to
the Apple App Store for iOS. The first app store version
is an upgrade to the third iteration, including optimisation
for iOS devices. A screenshot of the iOS version can be
seen in figure 3. UI elements were repositioned and resized
to allow for easier use on smaller iOS devices. Multi-touch
was added to allow another degree of musical expressivity.

3.4.1 Results

Although distributed as a universal iOS application, the
amount of downloads for iPad far outweigh the amount of
downloads for iPhones and iPod Touch, with iPad account-
ing for 65% of all downloads (currently 1697). Most down-
loads come from users browsing the music section of the
app store. This indicates a tendency for the user base to
be more musically inclined people, however this could also
be due to the App Store classification system. Multiple re-
views and comments on various internet forums requesting
functionality to connect to other iOS applications via Au-

Figure 3: Screenshot of the first published version
of Pyxis Minor on iPad.

dioBus, Inter-App Audio or Core MIDI indicate that users
are more musically inclined.

3.5 Audio Effect Update
Aside from minor bug fixes and tweaks, the biggest update
to Pyxis Minor in version 1.1 is the addition of audio e↵ects
to the signal chain. We incorporated audio e↵ects from
the Synthesis Tool Kit (STK) [4]. These additional audio
e↵ects can be accessed from the main application screen
(seen in figure 4). In this screen users are able to select from
six kinds of e↵ect and control two parameters of the e↵ect
simultaneously with an x-y pad and the wet/dry amount
with an additional fader.
An additional option to enable a metronome was added.

This was in response to some users expressing di�culty in
understanding how their loops were being quantised. The
metronome features a high hat pattern fitting with the sonic
aesthetic of the application.

Figure 4: E↵ects menu screen (pictured on iPad).

3.6 Tutorial Update
A more extensive tutorial menu was added to version 1.2.
This provided a reference and brief introduction to the ap-
plications core functionality. Informal feedback has indi-
cated that users gain more satisfaction from the application
when they are comfortable with the interaction and have
realised that it posits no task or goal orientation. Users
are encouraged to find their own meaning and guide their
own interaction as they see fit, similarly to how an adept
musician would approach a musical instrument.
The choice to have a more in-depth tutorial reflected a

di�cult decision in the development cycle. The application
was built with the idea of it being intuitive, with a learning
process focused on allowing the user to discover function-
ality without explicit direction. This became problematic
as the complexity of the application advanced when more
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features were added. Some of the functionality uses musical
jargon and so a more comprehensive tutorial would helps
ensure people without prior musical experience do not feel
alienated. Additionally, due to the lack of explicit goal ori-
entation for the user, some users expressed confusion over
what they are supposed to do with the application. This
confusion is resolved with more explicit direction as to the
mechanics of the application.

3.7 Social Collaboration
Until this iteration, Pyxis Minor had focused on the indi-
vidual process of creating electronic music, yet neglected
the experience of playing music with other people, which
is arguably one of the most rewarding elements of playing
music. We hypothesised that an additional layer of musi-
cal complexity could be added by the inclusion of a social
element. The application was further developed to allow 2
users to sync their metronomes in order to collaboratively
make music together using Korg’s WIST framework[5].

3.7.1 User Study

A user study was conducted with pairs of participants. Users
were asked to spend time familiarising themselves with the
iPad version of the application and to explore solo play.
Users were then able to play as a duo before filling out a
short questionnaire. The investigator was present to help
with any questions, although encouraged the users to help
each other where possible. The results strongly indicated
that the networked metronome improved the user experi-
ence. All the surveyed users indicated that the music re-
sulting from paired interaction sounded better than their
solo interaction.
Users also indicated that the inclusion of the comprehen-

sive tutorial aided in their understanding of the core me-
chanics of the application from the outset. This improved
the user experience overall - suggesting the tutorial update
achieved its specific goal.

3.7.2 Analysis

Out of a possible 40 points, users gave 34 points indicat-
ing the degree to which the collaborative aspect created a
social experience. This, in combination with the fact that
only approximately half the users indicating that they were
verbally discussing techniques or musical direction suggests
the social element of the application is in the shared musi-
cal experience between the participants. This is justified by
users giving 75% of the maximum possible score when asked
whether they felt they were making music together”. This
shared networked functionality, although normally reserved
for the domain of musical apps targeted to more experienced
musicians, dramatically improved the user experience and
added musical complexity without adding unnecessary in-
terface complexity. The overall results from this user study
suggest that the process of creating a simple musical inter-
face/instrument and then augmenting the user experience
through iterative design process has led to an application
that minimises application complexity, but still provides a
level of musical complexity and expressivity suitable for mu-
sicians of varied prior musical backgrounds.

3.8 Future Work
Pyxis Minor has progressed from the original concept to
published application. Future development will be directed
by user feedback. Some users have expressed di�culty with
understanding and manipulating the timing mechanism. Adding
a traditional step sequencer view will allow users to both
view and edit their sequences with respect to the time do-
main.

An additional layer of e↵ects will allow more control of the
sound. This layer will be controllable using the accelerom-
eter control. This feature will likely be of prominent when
users are collaborating together.
The user interface for the networking functionality still

has a few bugs. Once these have been addressed, the pub-
licly available version will be updated to include the net-
working functionality.

4. CONCLUSION
The iterative design process that lead to the creation of
Pyxis Minor has resulted in an application that can begin a
dialogue about the democratisation of electronic music pro-
cesses. By informing the development upon user feedback
the resulting application can be of interest to both musi-
cians of any training. The implemented features represent
a middle ground between the expectations of multiple users
with varied prior musicianship training. By structuring the
development of the application iteratively, Pyxis Minor has
proven that we can create applications that not only allow
users of opposite ends of the spectrum a tailored musical ex-
perience, but can create applications that in themselves are
a work of art. The design philosophy, which progressively
introduces features, allows Pyxis Minor to continue to meet
the requirements of users and evolve in order to help lower
barriers to entry to electronic music creation and give new
musicians an opportunity to create music, socially, whilst
remaining musically interesting.
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